Hot-water extracts of the mycelial culture and fruiting bodies of Agaricus blazei Murill were fractionated by ethanol precipitation, using various ethanol concentrations. The mycelial fraction (A-4) inhibited abnormal collagen fiber formation, and fractions A-1 to A-3 showed a small inhibitory effect. The strongest inhibition was obtained by fraction A-4, and no significant inhibition was observed with fractions A-5 and A-6. With the fruiting bodies, fractions B-1 to B-6 showed no inhibitory effects on collagen fiber formation in HCC. The reverse transcription-polymerase chain reaction (RT-PCR) demonstrates that Agaricus blazei mycelial fraction A-4 did not inhibit the type I, II or III procollagen gene expression.
Anti-tumor activity [1] [2] [3] [4] [5] and activation of lymphocytes [6] [7] [8] were observed as in vivo biological activities of Agaricus blazei. Additionally, an Agaricus blazei Murill extract treatment has improved the chemotherapic side effects in gynecological cancer patients. 9) In vitro biological activity has also been detected; the activation of macrophages was followed by the secretion of TNF-, IL-8 and NO, 10) and anti-viral 11) and anti-mutagenic 12, 13) activities. It has been quite recently shown that pyroglutamate contained in Agaricus blazei inhibited tumor growth by in vivo experiments on tumor-implanted mice. 14) These results suggest that Agaricus blazei has strong potential as an alternative medicine.
Hepatitis C virus (HCV) infection in humans induces hepatitis, becoming chronic as a latent infection. Chronic hepatitis induces hepatocirrhosis and then hepatomas. Lung fibrosis can occur as a side effect, when an injection of interferon is used for treating HCVinduced chronic hepatitis. Thus, because there is no suitable cure for hepatocirrhosis and lung fibrosis based on collagen fiber formation, the prognosis of HCVinduced hepatitis is extremely poor. In the present study, we sought to determine whether a hot-water extract of Agaricus blazei Murill, which is used in Japan as a functional food that inhibited tumor growth in animal experiments, could affect abnormal collagen fiber formation in human hepatocarcinoma cells (HCC). Thick collagen fiber networks were found to have been formed among cell groups.
Collagen fiber formation was assayed by using HCC plated on-to Lab-Tek chamber slides (Nalge Nunc International, Rochester, NY, USA) or cover glasses inserted into flat-bottom glass tubes. 15) After the cells had become almost confluent, they were further cultured in a medium containing Agaricus blazei Murill components at a concentration of 100 mg/ml for 3 to 10 d. Cells fixed with 10% formaldehyde or ethanol were stained with a K61 collagen staining kit (Collagen Research Center, Kiyose, Tokyo, Japan); collagen fibers stained red and other proteins, green. The stained cells in the chambers were treated twice with solution B (0.5 ml) for 5 min at room temperature, and then the photo spectrum of the mixed solution was measured.
Total RNA was extracted from HCC cells cultured under various conditions according to a previously reported method, 16) and a portion of the total RNA was applied to an RT-PCR kit purchased from Takara Co. (Kyoto, Japan). The primers for PCR were based onactins, and type I, type II, type III and type IV collagen nucleotide sequences. 17) The hot-water extract from dried fruiting bodies (B serial) or mycelial powder (A serial) of Agarucus blazei Murill was fractionated by ethanol precipitation, using various ethanol concentrations.
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Collagen fibers and other proteins were stained red and green, respectively, with the K61 collagen staining kit. Collagen fiber networks were formed, when HCC cells plated on-to the Lab-Tek chamber had been cultured for 7 d, as shown in Fig. 1 . However, collagen fiber formation was obviously inhibited by the A-4 y To whom correspondence should be addressed. Tel: +81-282-86-1111 ext 2157; Fax: +81-282-86-7625; E-mail: kenjis@dokkyomed.ac.jp
Note fraction. Inhibitory effects on collagen fiber formation were also observed with the A-1, A-2 and A-3 fractions, whereas A-5 and A-6 showed no inhibitory effects. The A-5 fraction sometimes showed a cytotoxic effect on the cultured cells, and cells were detached from the bottom. No significant inhibitory effect on collagen fiber formation was observed with the B-1 to B-6 fractions.
The amount of bound dye was photometrically measured, and the inhibitory effect of Agaricus components on collagen fiber formation is expressed by the ratio of the absorbance at 605 and 530 nm (Fig. 2) . The values based on three independent experiments were as follows: control, 1:056 AE 0:310; A-2, 1:196 AE 0:197; A-3, 1:116 AE 0:307; A-4, 1:168 AE 0:286 (average value AE S.D.). The inhibitory effect was based on the average values, although no statistical difference was evident between the control and treated cells. These results might have been due to the small contribution of the abnormal collagen fiber to the total collagen, including other types of collagen molecule. A typical experiment showed the effect of the A-4 fraction to be the strongest among all the Agaricus blazei fractions.
The gene expression of types I and II procollagen was independent of the Agaricus blazei mycelial A-4 fraction for the 2-5 d cultures. However, the A-4 fraction increased the type III procollagen gene expression after 2 d of treatment, while no significant effect of the A-4 fraction on type III procollagen gene expression was observed 5 d after of culture, as shown in Fig. 3 . Thus, the inhibitory effect of the A-fraction on abnormal collagen fiber formation might not have been due to cytotoxicity. Indeed, no cytotoxic effect of the A-4 fraction at 100 mg/ml has been observed either in a macrophage primary culture 10) or in African green monkey kidney cells (VERO).
11) An extremely weak band based on type IV procollagen, which forms a basal laminate, was observed in the control cells, although no significant effect of the A-4 fraction on the band intensity was apparent (data not shown). Dextran sulfate, which inhibited collagen fiber formation, did not inhibit type III procollagen gene expression in rat liver M cells. 18) Thus, the abnormal collagen fiber formation that was observed in HCC and M cells was, respectively, inhibited by the Agaricus blazei A-4 fraction and dextran sulfate. Dextran sulfate also inhibited collagen fiber formation in HCC cells (unpublished data). 
